Objective: To clarify the outcome of all cases of Rathke's cleft cysts (RCC) treated surgically and followed up in Oxford during a long-term period. Subjects and methods: The records of all patients with RCC seen in the Department of Endocrinology between January 1978 and June 2009 were reviewed. Results: A total of 33 patients (20 females, median age 43 years) were identified. At presentation, major visual field defects were detected in 58% of patients and gonadotrophin, ACTH and TSH deficiency in 60, 36 and 36% of patients respectively. Desmopressin treatment was required in 18% of patients. Treatment consisted of cyst evacuation combined with or without biopsy/removal of the wall. Post-operatively, visual fields improved in 83% of patients with impairment, whereas there was no reversal of ACTH or TSH deficiency or of diabetes insipidus. All but one subject had imaging follow-up during a mean period of 48 months (range 2-267). Cyst relapse was detected in 22% of patients at a mean interval of 29 months (range 3-48 months); in 57% of them, the recurrence was symptomatic. Relapse-free rates were 88% at 24-months and 52% at 48-months follow-up. At last assessment, at least quadrantanopia was reported in 19% of patients, gonadotrophin, ACTH and TSH deficiency in 50, 42 and 47% of patients respectively. Desmopressin treatment was required in 39% of patients. Conclusions: In this study of patients with RCC and long-term follow-up, we showed a considerable relapse rate necessitating long-term monitoring. Surgical intervention is of major importance for the restoration of visual field defects, but it does not improve endocrine morbidity, which in the long-term affects a substantial number of patients.
Introduction
Rathke's cleft cysts (RCCs) are benign lesions of the pituitary region typically lying within the pars intermedia. They are the most common incidentally discovered sellar lesions, followed by pituitary adenomas (1) , and are found in 13-33% of routine autopsies (2) . They present as intra-sellar cysts with 60% of them showing suprasellar extension (3) . Their size ranges between a few mm to 10-20 mm; cases with a cyst size up to 45-50 mm have also been described (3) . Symptomatic RCCs are rare (4) , and their clinical manifestations are associated with pressure effects on adjacent structures. Cyst evacuation combined with or without biopsy/removal of the cyst wall is the optimal management strategy for symptomatic cases (5) (6) (7) (8) resulting in improvement of headaches and the visual disturbances (5, 7) .
It has been proposed that craniopharyngiomas and RCCs may represent a continuum of ectodermally derived epithelial lesions (9) . Nevertheless, the prognosis of RCCs following surgical intervention is more favourable than that of craniopharyngiomas (10) , with reported relapse rates ranging widely between 0 and 42% during variable follow-up periods (4, 5, (11) (12) (13) (14) . It should be noted, however, that the published studies mainly involve small number of patients or short observation intervals, potentially compromising the practical clinical value of their results. Given the advances in neuroimaging techniques, it is anticipated that the detection rate of RCCs will increase necessitating evidence-based guidelines on their management and follow-up.
The aim of our study was to clarify the outcome (in terms of pituitary function and recurrence) of 33 cases of RCCs treated surgically and followed up in our department for a mean period of 48 months (range 2-267) -one of the longest reported observation periods.
Subjects and methods

Subjects
The medical records of all patients who presented with RCC to the Department of Endocrinology in Oxford between January 1978 and June 2009 were studied. The subjects were accessed from the departmental database, on which the patients are classified according to diagnosis. The diagnosis was based on histological verification except in four cases, in which it was established based on combination of pathological, imaging and intra-operative findings.
Imaging data at presentation were available for all patients (CT: 7 and MRI: 26).
Gonadotrophin deficiency was diagnosed on the basis of low or 'inappropriately normal' FSH and LH levels combined with serum testosterone below the reference values in adult men and with low serum oestradiol and oligo/amenorrhoea in adult women. ACTH deficiency was defined by peak cortisol !580 nmol/l after provocative testing (insulin tolerance test, glucagon or short Synacthen test) or as a random morning serum cortisol value !100 nmol/l (in the absence of steroid therapy). TSH deficiency was defined by low or 'inappropriately normal' TSH with thyroid hormone levels below the normal reference values. Diabetes insipidus was diagnosed on the basis of urine output O3 l/24 h and urine osmolality !300 mOsm/kg. Follow-up imaging was performed at 2-3 months post-operatively and every 1-3 years thereafter. Recurrence was diagnosed on the basis of radiological appearances with or without associated signs and symptoms.
Statistical analyses
All evaluations were based on the number of patients with available data. The recurrence-free curves were generated by the Kaplan-Meier method. Differences in the recurrence rates between sub-groups were analysed by the log-rank test. Statistical analyses were performed by the SPSS 19.0 for Windows (SPSS, Inc., Chicago, IL, USA).
Results
A total of 33 patients (13 males/20 females, median age at diagnosis 43 years (range 9-87)) were identified. Of the total subjects, 88% presented in the second half of the recruitment period. The median duration of signs and symptoms at presentation was 12 months (range 0.25-120 months). The presenting clinical features (as documented in the medical notes but not according to a standardised questionnaire) of the patients are shown in Table 1 . Acute symptoms mimicking pituitary apoplexy were reported in three subjects. The pituitary function at presentation is shown in Table 2 . All but three cysts had an extrasellar component (30/33, 90%).
The patients were treated by cyst evacuation combined with or without biopsy/removal of the cyst wall (3/33 via craniotomy and 30/33 transsphenoidally). In five cases, the RCC was co-existent with a pituitary adenoma (one 'chromophobe', one gonadotroph, two corticotrophs and one prolactinoma); among them, the RCC was an incidental finding in three subjects (one 'chromophobe' and two corticotrophs) and one patient received adjuvant radiotherapy (10 months after surgery, 50 Gy in 27 fractions). Following surgery, 38% (11/29) of the subjects had major visual field defects (prior to surgery 58% (19/33)). Visual fields improved in 83% of patients (15/18) and remained stable in 3/18 (17%) of patients with impairment prior to neurosurgery. The pituitary function post-operatively is shown in Table 2 . Gonadotrophin deficiency resolved in two cases following restoration of normoprolactinaemia, although there was no reversal of ACTH or TSH deficiency or of diabetes insipidus in any patient.
All but one patient had scans after surgery during a mean observation period of 48 months (range 2-267). Cyst relapse was detected in 22% (7/32) of the cases at a mean interval following surgery of 29 months (range 3-48 months); in 4/7 (57%) subjects, the recurrence was symptomatic (headaches and/or visual fields defects). Kaplan-Meier analysis showed relapse-free survival rates of 93, 88 and 52% at 12, 24 and 48 months respectively (Fig. 1) . There was no difference in the relapse-free rates between patients investigated preoperatively with CT or with MRI.
All but one recurrence were managed by repeat surgery (cyst evacuation combined with or without removal of cyst wall -1/6 via craniotomy and 5/6 transsphenoidally) and one subject had multiple relapses requiring four transsphenoidal operations.
At the last assessment, at least quadrantanopia was reported in 6/31 (19%) of the whole group of patients and in 1/6 (17%) of those with relapse. The pituitary function at last evaluation for the whole group of patients and for those with relapse is shown in Tables 2  and 3 respectively.
Discussion
In this large study of patients with RCC treated surgically and monitored for one of the longest reported follow-up periods, we have shown a relapse rate of 48% at 48 months and considerable endocrine morbidity.
RCCs arise from remnants of the Rathke's pouch, a structure apparent during the third week of gestation and formed by the infolding of simple ciliated columnar epithelium lining the roof of the stomodeum. Rathke's pouch extends cranially to form the craniopharyngeal duct; its anterior and posterior walls give rise to the anterior and intermediate lobes of the pituitary gland respectively. The obliteration of the craniopharyngeal duct is associated with the involution of Rathke's pouch. Failure of obliteration of the lumen results in the development of a cyst at the site of the vestigial intermediate lobe in humans (15) . Symptomatic RCCs are rare (4) and the manifestations are the result of compression to adjacent structures. In our study, the median duration of symptoms was 12 months, ranging between 0.25 and 120 months; this is in accord with previously published data, in which the mean duration of symptoms/signs was 9-24 months (4, 12, 14, 16) . Notably, an acute presentation mimicking pituitary apoplexy was found in three of our patients; similar cases have been infrequently described (14, 17, 18) . Headache was the most common clinical feature at presentation (67%), in accord with previously reported studies (55-81%) (4, 11, 13, 14, 16, (19) (20) (21) (22) (23) . It has been proposed that the presence of headaches does not correlate with the cyst size and it is more common in patients with high and iso-intense cyst content on T1-weighted MR images, with mucous cyst content and with intense chronic inflammation of the cyst wall (21) . Major visual field defects were identified in 58% of the subjects. In previous studies, the frequency ranges between 38 and 49% (4, 5, 12, 14, 16, 20, 22) with the size of the cyst correlating with the presence of visual deterioration (20) . At presentation, the reported rates of pituitary hormone deficits show wide variation (17-81%) also depending on the method of assessment (5, 11, 12, 14, 16, 19, 20, 22, 23) . We found gonadotrophin deficiency in 60%, ACTH deficiency in 36%, TSH deficiency in 36% and DI 18% of our cases, suggesting substantial endocrine morbidity. It has been proposed that anterior hypopituitarism is not related to Figure 1 Recurrence-free probability following surgical management of RCC (nZ32). the cyst size and is observed only in cysts with high and iso-intensity on T1-weighted MR images (20) . Notably, syndrome of inappropriate secretion of ADH has also been rarely reported (4, 20, 22) . In five of our cases, the RCC co-existed with a pituitary adenoma. Similar findings have previously been described (24) . Despite the common ancestry of pituitary adenomas on the one hand and RCCs on the other, the co-existence of these lesions may be entirely coincidental.
Survival function Censored
Surgical intervention improves visual field defects in a considerable number of patients; in our study, 83% of the subjects with major visual field deficits showed improvement, a percentage comparable with other reports (59-100%) (5, 7, 12, 14, 16, 20, 21, 23) . In contrast to pituitary adenomas, and similarly to craniopharyngiomas (10) , recovery of anterior pituitary hormone deficits following surgery is not common (5, 12, 14, 16, 20) . In our study, apart from restoration of hypogonadism attributed to hyperprolactinaemia, we found no reversal of ACTH or TSH deficiency or of diabetes insipidus. Furthermore, at the last assessment, FSH/LH, ACTH and TSH deficiency and diabetes insipidus were found in 50, 42 and 47% of the patients respectively. The poor endocrine prognosis is probably related to pituitary damage attributed to chronic pressure by the cyst, to chronic inflammation following cyst rupture or a result of surgery (14, 20, 23, 25, 26) . Interestingly, it has been suggested that 4-30% of the patients will develop new pituitary hormone deficits post-operatively (8, 11, 12, 23, 27) and that the degree of endocrine morbidity is higher after aggressive surgery (5) . At the last assessment, 39% of our patients required desmopressin; in previous studies, this ranged between 2 and 42% (5, 7, 8, 11-13, 20, 22, 23, 28) . Interestingly, in a study of 857 patients who underwent transsphenoidal microsurgery, those with an intraoperative cerebrospinal fluid (CSF) leak, with a craniopharyngioma or with an RCC were at higher risk for persistent diabetes insipidus (28) . Diabetes insipidus is also more frequent after radical cyst resection, compared with less aggressive surgery (42 vs 9%) (5) .
Relapse results from re-accumulation of the cyst fluid and it has usually been detected within 5-6 years following surgery; notably, recurrences up to 24 years post-operatively have been reported (5, 11-14, 19, 22) . In our study, during a mean follow-up period of 4 years (and within the constraints of the lower limit of our observation interval (2 months)), relapse was found in 22% of the patients at a mean interval of 29 months after operation and in 57% of the cases, this was symptomatic. Previously reported data, most of which are based on relatively short observation periods, show recurrence rates ranging between 0 and 33% (4, 5, 11, 12, 20, 23) . In our study, at the 2-year follow-up, the relapse-free rate was 88%, and at 4 years, this considerably decreased to 52%, suggesting that longterm monitoring is necessary. Factors proposed to be associated with an increased risk of recurrence include the use of fat and/or fascial graft for sellar fossa closure (5), presence of squamous metaplasia of the cyst wall (5, 7, 14) , presence of inflammation (7), cyst size (12) and enhancement of the lesion on MRI images (14) . Although not widely accepted (5), aggressive resection of cyst wall may prevent relapse (14) , but may also be associated with higher rate of post-operative complications (5, 7) . Of the total patients, one had multiple relapses requiring four surgical interventions; although such aggressive behaviour has previously been reported (16, 22) , it is very rare.
In this study of patients with RCC followed up for a mean period of 4 years, we have shown that despite the benign pathological appearance of these lesions, there is a considerable relapse rate importantly necessitating long-term monitoring. Surgical intervention is of major importance for the restoration of visual field defects but does not improve endocrine morbidity. Given the rarity of this condition in clinical practice, national databases are needed aiming to provide evidence-based guidelines on management and long-term outcome.
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